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THERMOPHYSICAL PROPERTIES OF POCO GRAPHITE

INTRODUCTION

Results from round-robin cooperative programs have indicated that POCO
AXM-5Q1 graphite* was a suitable (1,2) material for a high temperature thermal
conductivity standard. Subsequently a batch of this material was obtained by the
National Bureau of Standards for use as a standard reference material (SRM).
Unfortunately the room temperature electrical resistivity variations from billet-
to-billet and even within the same billet have been much larger than anticipated
(3). It is the purpose of the present work to investigate the thermal conductivity
and clectrical resistivity over an extended temperature range of two samples whose
resistivity differed significantly., These results elucidate the relationship between
the c¢lectrical resistivity and the thermal conductivity for POCO graphite and dem-
onstrate the degree of variability in the magnitude of the thermal conductivity of

this batch of material.

The Properties Research Laboratory has a unique multi-property apparatus
capable of state-of-the-art accuracy for high temperature thermophysical prop-
crtics. This apparatus has been used previously to measure the thermal conduc-
tivity and clectrical resistivity of SRM's 730 and 799 (tungsten) to very high tem-
peratures (4) as well as a number of other materials (5, 6, 7). This apparatus

has been described elsewhere (8, 9).

In addition the specific heat of the two samples was measured at lower tem-
peratures (to 1000K), as an aid in resolving discrepencies between thermal con-
ductivity values measured directly and those computed from thermal diffusivity -
specific heat results. A standard Perkin-Elmer differential scanning calorimeter
interfaced to the PRL digital data acquisition system was used for the specific heat

determinations.

% Product of POCO Graphite, Inc., Garland, Texas, Grade description AXM:
medium grain fuel cell grade: 5Q: 25000 C graphitization temperature: 1:
purified.




APPARATUS AND TECHNIQUES

At the lower temperatures (350-1150K), the modified Kohlrausch technique
was used for thermal conductivity and electrical resistivity measurements. The
Kohirausch method involves the determination of the product of the thermal con-
ductivity "k" and the electrical resistivity "p'"'. Since the electrical resistivity is
also measured at the same time, k can be calculated. The method involves passing
constant direet current through the specimen to heat the sample while the ends are

kept at constant temperature. Radial heat losses are minimized by an external

heater maintained at the sample's midpoint temperature. With these provisions, at
steady state a parabola-like axial temperature profile is obtained. Thermocouples
arc placed at the center and one centimeter on each side of the center. The thermo-

couples also act as voltage probes. Numbering the center thermocouples as the "2"
position and the other positions as '"1" and "3", it is possible to get the products of
k and p:

g (V3 = Vy)?
ko= T, - (T, + Ty)] (1)

where Vg =V, is voltage drop between the third and middle thermocouple, T, + T; is
the sum of the temperatures at the outside thermocouples, and T, is .he center temp-
erature. Since o is also measured simultaneously using Eq. (1), k can be calculated.
The data collection (T‘, T,, T3, V3 - V,, I) are computerized and the results calcul-
ated for a set of measurements performed while the sample is under vacuum and the
heater temperature matched to that of T,. Then additional current is used, a new set
of cquilibrium conditions is obtained, and the process repeated. At higher temper-
atures the multiproperty apparatus was used to measure the thermal conductivity

and electrical resistivity.
The governing equation for Joulean heat long thin rods in vacuum subjected to

radiation loss from the surface is

d?T  dk (dT\} Bp _p€HO(T'-Te!) _. I dT_ dT .
Nt ) & “2 @ % @

where P is the circumference, o is the Stefan-Boltzmann constant, T, is the temp-
erature of the vacuum enclosure, €y is the total hemispherical emittance, u is the
Thomson coefficient, C,. is the specific heat at constant pressure, d is the density,




7 is the length coordinate in polar coordinates, and t is time. At steacy state dT/dt
is zcro. In the case of long rods at steady state dT/dZ = d?T/dZ? = 0 and Eq. (2)

becomes
Izp
-TA) =
-—A——P€H(T4 T¢') =0 (3)
where T is the uniform central temperature. Thus by measuring I, V, and T, p

and ¢,, can be calculated.

H
In practice the sample is heated to about 3300 F and p and €y measured during
the cooling cycle to about 1470 F. The data are taken using the PRL digital data acqui-
sition system and the values of p and €y are calculated, plotted, and fitted to least
square curves automatically. Following temperature profile data, p and GH are re-
measured. Then the long sample is heated to 4400 F and p and €H measured between
4400 and 3300 I'.  Temperature profiles on short samples are taken over this temp-
crature range, then the long sample measurements are repeated. Because the pre-
sent specimens are too short for dZT'/dZ2 to be equal to zero, long samples are fab-
ricuted by slip-fitting extender rods made from the same billet on each end of the
sample. The short sample configuration is achieved by moving the electrical clamps
so that the center of the long sample remains the center of the short sample. Above
3300 I' the long sample is 4 inches long so that the slip-joints are near the water-
cooled clamps. At lower temperatures the long sample is about 12 inches long.

In addition the standard four probe method using knife blade voltage probes
was used to measure the electrical resistivity along the samples at room temperature.
Ilullk densities were determined from geometry and mass. The specific heat from
330 to 1000 K was measured using a Perkin-Elmer DSC-2 interfaced to the digital
acquisition system and using saphire as the reference material.

Two samples 1/4 in. diameter by 12 inches long were received from NBS,
Boulder. One rod was designated as 3A-1 (henceforth referred to as Sample 1)
and the second rod was designated as 3A-2 (Sample 2).




RESULTS
Values of the bulk densities of Samples 1 and 2 were found to be 1. 7424 and

1. 7564 gm cm™ respectively.

Values of the elect~cal resistivity at one inch intervals along the samples are
oiven in Table 1. It can be seen that there is a considerable variation along the rods
2nd that the electrical resistivity of Sample 1 is generally 20 to 140 microhm cm

higher than that of Sample 2.

The thermal conductivity and electrical resistivity results measured with the
[ ohlrausch method are given in Table 2. The thermal conductivity values have been
corrected for thermal expansion using the TPRC recommended values for POCO
oraphite (10). The room temperature resistivity values for the sections used for
the Iohlrausch methods were 1409. 9 and 1326. 7 microhm cm for Samples 1 and 2,
respectively. These sections are near the ends of the rods. The conductivity values
for Sample 1 are significantly lower than those for Sample 2. The results are plotted

in FFigure 1.

The thermal conductivity results obtained on different sections of the same rods
usine the multiproperty apparatus are given in Table 3. These values has been cor-
rected for expansion, The room temperature resistivity values for these sections
were 1375. 1 and 1295. 9 microhm cm. These sections are near the center of the rod.
The thermal conductivity results from the multiproperty apparatuses are included in
Figure 1. While one could join the higher temperature results from the multiproperty
apparatus with the lower temperature results from the Kohlrausch apparatus, there is

a discontinuity caused by the difference in resistivity along the rods.

The electrical resistivity results from the Kohlrausch apparatus are included in
Table 2. The resistivity results for the multiproperty apparatus are given in Table 4.
Both sets of results are plotted in Figure 2. The differences in electrical resistivity
between the sections from the san:e rods are clearly evident in Figure 2.

Specific heat values were obtained at 50 intervals from 335K to 700K and from
625K to 9950 K. The data are plotted in Figure 3 and part of these data are given in
Table 5. The specific heat values from the two rods as in excellent agreement. The
agreement in the temperature overlap region using aluminum and gold pans is reason-

able (maximum difference of 3.7% and average difference of less than 2%) .




TABLE 1

RESISTIVITY i OF POCO GRAPHITE

ALONG LE NGTH OF ROD

Sample 3A-1 Sample 3A-2
1885. 7 1284. 4
1401.0 1282.5
1409. 6 1267.2
1414.5 1272.0
1427.17 1267.6
1363.5 1299. 7
355, 5 1319.5
1353.3 1331.2
1348.0 1325.3
1358.0 1313.6
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Temp
(oK)

1300
1350
1400
1450
1500
1550
1600
1650
1700
1750
1800
1850
1900
1950
2000
2050
2100
2150
2200
2250
2300
2350
2400

TABLE 3

+
THERMAL CONDUCTIVITY RESULTS

(MULTIPROPERTY)

Sample
1

0.519
0.493
0.479
0.467
0.460
0.453
0. 442
0.426
0.417
0.412
0.406
0.399
. 396
. 391
. 388
. 387
. 384
. 382
0.375
0. 373
0.371
0. 368
0.364

COOOOCCO

T wem K-, corrected for expansion




Run
No.

oo

3A-

Temp.
(K)

2219. 170
2156. 80
2081.72
20317. 80
1865. 73
1743. 59
1685. 13
1596. 83
1533.69
1462. 84
1384.13
1335. 00
1274.18
1241. 74

2228.89
2180. 39
2180.47
2141. 77
2141.90
2087.21
2087.20
2015.35
2015.75
1967. 64
1914. 04
1864. 74
1804.67
1763.51
1721. 79
1646. 44
1598. 08
1597.78
1553. 73
1501. 58
1435. 38
1390.97
1359. 39
1300. 92

TABLE 4

ELECTRICAL RESISTIVITY OF

POCO GRAPHITE

Sample 3A-1

o x 108
(ohm cm)

1106. 31
1094. 34
1079.63
1070. 84
1036. 23
1011, 93
1000. 82
984. 54
973.175
961.76
950. 14
940. 70
936. 76
933. 58

1110.13
1100. 46
1100. 04
1092.67
1092. 88
1081. 80
1081. 96
1067, 52
1067.49
1057. 38
1046. 78
1036. 81
1024. 64
1017.19
1008. 73
944. 89
986. 46
985. 60
9717.88
969. 60
958. 52
952. 03
947. 74
940. 54

Run
No.

3A-3

3A-4

3A-5

Temp.
(K)

2226.91
2193.73
2126. 83
2061. 75
1968, 57
1904. 21
1853. 54
1805.61
1761. 04
1706. 91
1633. 51
1634. 53
1610. 35
1550. 52
1497. 37
1438.40
1385. 73
1354.79
1299. 15
1231. 39
1194.85
1151, 89

2445. 39
2413.95
2361.51
2324.13
2288. 55
2238.90
2201, 99
2130. 56

2583.65
25117.28
2459.16
2386. 64
2234. 76
2152. 00

nx 10
(ohm cm)

1110. 84
1104.27
1090. 54
1079. 56
1059.60
1046. 70
1036. 55
1025. 90
1017.71
1007. 04
994. 08
994,01
989.49
978.178
969. 72
960. 33
952.63
948.43
941.61
934.69
931.80
929. 05

1153.44
1147.81
1138.95
1131.48
1124.90
1113.83
1106. 90
1092.63

1181.12
1169. 14
1162.42
1147.58
1118.41
1101.03




.

Run
No.

2A~1

2A~3

Temp.
(K)

2232, 51
2118.19
2020, 07
1934. 54
1850. 08
1706. 74
1707. 00
1651, 67
1597.11
1564. 24
1505. 03
1444, 09
1390. 17
1344.90
1296. 04
1252, 38

2582.43
2519.31
2456.12
2381.46
22317.617
2154.21

TABLE 4 (Con't)

ELECTRICAL RESISTIVITY OF
POCO GRAPHITE

Sample 3A~-2

n x 108 Run
(ohm cm) No.

1016, 68 2A-2
994. 72
976. 05
959. 85
943. 79
917, 62
917.63
908. 02
899.91
893. 60
884. 42
875.68
868. 64
863.25
858. 19
854.34

1095. 04
1080.21
1069. 34
1050. 15
1019, 32
999.12

Temp.
(K)

22317.99
2193. 09
2143.90
2066.44
2028. 04
1973. 02
1921.15
1868. 89
1815.25
1777.37
1716.11
1679. 08
1636. 60
1600. 95
1565.97
15633. 77
1501. 83
1456. 62
1397.90
1341.31
1288. 34
1245.43

p x 10¢
(ohm cm)

1017.92
1008. 81
999.69
984.65
977.30
965.97
956.97
947,24
936.95
930. 02
918.95
912,62
904.91
899.11
893.48
888.41
883. 56
877.03
869. 18
862. 55
857.14
853. 38

10
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TABLE 5

SPECIFIC HEAT RESULTS

Temp 3A-1 3A-1 3A-2 3A-2
(oK) (A1 PAN) (AU PAN) (A1 PAN) (AU PAN)
350 0.8212 0.8246
400 0.9442 0.9562
450 1.063 1.078
500 1.176 1.195
550 1.277 1.286
GO0 1.367 1.374
650 1.457 1.454 1.457 1.459
700 1.546 1.505 1.543 1,522
750 1.556 1.589
800 1.604 1.663
850 1.651 1.666
9200 1.702 1.710

950 1.761 1.762
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DISCUSSION

A. Specific Heat
As expected the specific heat is relatively insensitive to fabrication, micro-
structure or impurity variations among the samples. Thus the present specific
heat results can be joined with the high temperature values for POCO graphite gen-
eruted by Cezairliyan and Righini (11). Since these curves join smoothly ( Figure 4), the
specifie heat of POCO graphite is known within 3% over the range 350 to at least 2500 K.

I'.  Electrical Resistivity

It is obvious from the results that the electrical resistivity varies significantly
from sample to sample and even at different locations along the same sample. In
order to put the low and high temperature results from different sections of the same
sample on a common basis, the low temperature results have been biased so that the
resistivity values at 1200 K from the two sections agree. This required a subtraction
of 154 © ¢m from the Kohlrausch data for sample 3A-1 and a subtraction of 25u §; cm
from the Kohlrausch data of 3A-2. The revised curves are plotted in Figure 5 and
values are given at selected temperatures in Table 6. Corrections for thermal ex-
pansion are also included in Table 6. The electrical resistivity has a broad minimum
about 1050K. The resistivity decreases relatively rapidly with increasing temperature
from room temperature to about 900K and increases at a lower rate above 1200 K. The
difference in resistivity between the two samples remains relatively constant (85 + 11uQ
cm) over the range 300 to 2400 K.

C. Thermal Conductivity

The thermal conductivity values from the multiproperty apparatus ( Figure 1 and
Table 3) have been included in Figure 6. The Kohlrausch values have been biased to
the values they would have if the sample sections for the Kohlrausch and multiproperty
samples were the same. This was accomplished by assuming that the difference in
thermal conductivity value at 400K related to the difference in resistivity. Such a
reiutionship has been observed near room temperature for graphites, particularly
when the general types of graphite remains the same. Taylor (12) found that the
relution X = A- Bp was good within a few percent for samples from the same grade of
graphite. Moore, Graves and McElroy (13) found that A = 1,56 x 10™% g -0.266 x
10~°p~? gave a reasonable approximation for a number of types of graphites at room
temperature. If we solve for B using Taylor's expression at 400 K, we get B=3.681 x
107, Thus the conductivity values should be increased 0. 020 and 0.018 Wem™ K™t
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TABLE 6

ELECTRICAL RESISTIVITY OF POCO GRAPHITE

Temp 3A-1 3A-1 3A-2 3A-2
(oK) (uncorr.) (corr.) (uncorr.) (corr.)
300 1385 1385 1300 1300
400 12117 1218 1130 1131
500 1108 1109 - 1023 1024
GO0 1037 1039 952 954
700 9817 990 905 906
500 948 952 8173 876
900 930 934 855 859
1000 925 930 849 854
1100 925 931 848 852
1200 932 939 851 857
1300 940 948 860 867
400 955 964 870 878
1500 970 980 885 894
1600 985 996 900 910
1700 1003 1015 915 926
L800 1022 1035 933 945
1900 1043 1057 952 965
2000 1065 1081 971 985
2100 1087 1104 991 1006
2200 1108 1127 1012 1029
2300 1126 1146 1035 1053
2400 1146 1168 1057 1077
R e S —

TRNEREY S = SR stk
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for samples 1 and 2 respectively. Using Moore, Graves and McEllroy's equation

the inerease would be about the same. Since the conductivity curves for the two
samples are about parallel ( Figure 1), we can add these values to all the Kohlrausch
results.  This is done in Figure 6 to obtain a smooth curve for each of the two samples.

Thermal conductivity values at selected temperatures are included in Table 7.

The relative role of phonons and electron conduction to energy transport in POCO
‘o phite is discussed by Minges (1) who concluded that the electronic contribution is
insionificant. In this case, the inverse conductivity should be a linear function of
temperature at higher temperatures (say above 1000 K) where boundary scattering
cffccts have decreased to low levels. However when we plot 1/)\ versus T for the
present data (Figure 7), we note that the increase conductivity above 1200 does not
foliow a linear relationship. If we assume that the Lorenz function (L,) for graphite
is temperature independent and equal to the classical value; then we can compute the
clectronic contribution "\ to the total conductivity. A plot of 1/(1-)\6) is nearly linear
( maximum deviation of 5%) from 400 to 2400K ( Figure 7 and Table 7). Quantitative
evaluations based on energy band models predict L % to be two to three times the clas-
sical value (14). In the present case L, equal to 1.5 times the classical value would
result in a very good linear fit of 1/(A-Ag) versus temperature. While it would appear
that thermal conductivity and electrical resistivity data above 2400 K would significantly
aid in elucidating the role of electronic conduction, it must be remembered that this
material was graphitized at about 25000C so that this temperature range is very close
to the fabrication temperature. Thus the stability of the properties of this material
as determined by precise measurement methods may not justify extensive work be-
yond 2400 K on POCO AXM 5Q. In fact the authors noted some tendency for the elec-
trical resistivity to change upon extended heating of the samples at 2400K in vacuum.
It is concluded that an electronic contribution ranging from a few percent below
500K to at least 15% at 2400K is present. This is in line with the findings of an ex-
tensive program at PRL on a proprietary graphite in which a similar conclusion was

rcached,

‘T'he density of the samples was calculated at selected temperatures from the
recommend expansion curve and the results are included in Table 7. These values
arc combined with the thermal conductivity and specific heat results to calculate the
thermal diffusivity. These calculated diffusivity values are given in Figure 8 and
compared to values reported by Chu, Taylor, and Donaldson (16), Le Bodo (16) and
AGARD participants (2). The values of Chu, Taylor, and Donaldson and Le Bodo are

o n - T o g e

Y




aydean 0D0d JO £11anonpuo) [pwadyy, 9 aandig

M 3UN1VY3IdNITL
00¢e 006l 006! (o]o]]! 002 00¢

! _ T _ _ T R T T

€0

0
(o]

-
o

4]
o

[ A WO M © ALIAILONGNOD TVWY¥3HL




GLILE 0¥L°2 050 °0 €0T°0 L¥9°1 GG1°2 8911 G9E°0
SIT°€ €0L°2 6%0 "0 G0T°0 €G9°1 ov1°2 IvIl 0LE"0
490 °¢ €L9°2 8%0 0 90T °0 869°1 L21°2 L211 pLE"OD
¥66 "2 2c€9°C 9%0 0 80T °0 €99°'1 I11°2 ¥O1T 08€°0
G16°2 LLG "2 S%0'0 I11°0 899°1 001°2 1801 88€ °0
G28°2 €16 °2 %0 0 YI1°0 €L9°T L80°2 LSOT 86€°0
cEL "3 16v°2 c¥0'0 8TIT°0 LL9°1 0L0°2 GE01 80%°0
¢€9°¢C GLE"T %0 '0 ¢31°0 289°1 0502 G101 j ¥4 Al
616 °¢C ¥6¢C "¢ 6€0 0 L31°0 L89°1 820 °2 966 9E% 0
L8E 2 €61°% L€0 0 GET1 0 2c69°1 200 °2 086 9s¥°0
LET'C SL0 "2 GE€0°0 ¥P1°0 969°'1 SL6°T ¥96 a8¥%°0
880°¢ €66 °1 €€0°0 GC1°0 0oL'T cv6°1 8%6 cIs°’0
9L6°T 828 °1 1€0 0 891°0 Q0L T G06°1 6€6 L¥S°0
SI8°T 90L°T 6200 €8T1°0 60L°T 6S8°1 1€6 98S 0
199°1 36S°1 920 "0 ¥02°0 VIL'T L6L'T 0€6 829°0
I9S°1 98% 1 ¥20 "0 L33°0 8TIL'T 9eL°1 v€e6 €L9°0
0gv't : 6LE"T 120 ‘0 LSZ°0 ealL’'1 9€9°1 256 6L 0
€2E°1 ¥62°1 LT0°0 ¥62°0 LgL'1 02s°1 086 €LL"0
62%°1 802°1 ¥10°0 SLETO T€L°T 282°1 6801 828°0
CET°'T 121°1 1100 o¥¥°0 vEL'T 891°1 60TT c68°0
LEO'T 620 °1 800 "0 G8S °0 LEL'T LS6°0 8121 2cL6°0

ehL°1 c0L 0 G8ET

A WO A Y W =MW A\ 09S pwd g0 w3 -M-wsd p wo Oon 1= M- A\

0 % N 0 P %5 o X

1 ordweg

(uotsuedxy I0J PajdOII0)) )
JLTHAVYHO O00d J0 SATLYIJ0OYd
L 3TV,
Dt O, PA D e S

00%2
00€2
0022
0012
0002
0061
0081
00LT
0091
00ST
00%1
00€T
002t
00TT
000T
006
008
00L
009
00S
00¥%
00€

(S10)

dura g,




9L6°2
€€6°2
PL8°2C
LI8°2
L¥L 2
L99°2
¥9¢ ‘2
1e¥ 2
9€€ ‘2
g12°2e
cL0°e
8€6°1
208°1
989°1
G9¢c°1
L¥v°1
0¥e 1
¥9e°1
L1
€90 °1
L86°0

¥9¢°¢
8€G°¢C
00S6°2
€9%°¢
S1I¥°¢
¥9€°¢
$62°2
802°2
€¢1°2
820 °¢
6161
808 °1
869°1
009°1
L6¥%°1
G6E°1
Gc0e°1
CI3g°1
L31°1
6¥0°T
8L6°0

ALY WO A Y W

»mnlxv\a

i

V1

¥S0°0
€S0 °0
2s0°0
160°0
0c0°0
8%0°0
9%0 0
S¥0 ‘0
€%0 "0
%0 °0
6€0°0
LEO O
€0 °0
¢€0°0
620 °0
920 °0
320°0
610 °0
S10°0
¢10°0
600 °0

=MW M

°x

T

LOT "0 689°T GG1°2
601 °0 ¥69 °1 o¥1°2
TI1°0 669 ‘T Le1°e
€I1°0 GOL°T T11°2
SIT°0 0TL°T 001°2
8IT1°0 CSIL'T L80°2
gg1°0 03L°T 0L0°2
821°0 GeL°1 0¢0°2
¥e€1 0 63L°1 820°2
Sv1°0 VeEL T 200°2
gS1°0 68L°T GL6°T
€91°0 13 § cv6°1
LLT0 8¥L°T G06°1
g61°0 gSL°1 6S8°1
4 ¢ L6L°1 L6L°1
9€2°0 T9L°1 93L°T
992°0 99L 1 9€9°T
90€ "0 oLL°T 02S°1
06€°0 PLLT 382°1
6S%°0 LLL'T 89T°T
009°0 I8L°T LS6°0

98L°1 20L°0

=098 [Wd g wd =M ws p
o P “5
g ordureg

(uorsuedxj I0j pPa1daII0))
ALTHAVHD 000d A0 SALLYIJ0dd

(uo)) L ATAVL

O/L ¢-01 X $¥°2 = °X

+
LLOT 06€°0 00¥%2
€S0T ¥6€°0 00€2
6201 00% ‘0 0022
900T 90%°0 0012
c86 ¥iv°o 0002
G96 €270 0061
c¥6 9E¥°0 0081
926 €S¥°0 00LT
016 L¥°0 0091
¥68 €6%°0 00ST
8.8 125°0 00¥%1
L98 €8S°0 00€T1
LG8 68S°0 0021
2s8 G29°0 0011
¥<8 899°0 0001
6S8 LIL*0 006
9.8 89L°0 008
906 €28°0 0oL
<6 L88°0 009
201 €S6°0 00S
TETT ga0°1 00¥
00€T 00g
wor 1D (OO I\ (310)
o] X duta,




CONDUCTIVITY

THE RMAL

SE

INVER

|

51
|
|
28
)4
2¢
i a a 3A-1 1N
“‘ 4’ & 3A-1 1/(3y) —
| O 3A-2 1IN
; < ® -2 1/(Aa,)
| 4
|
|
|
12 i ]
; NZ,
o : | N ] 1 ] 1 | it
300 700 1100 1500 1900 2300
TEMPERATURE , K
Figure 7, [laverse Conductivity Versus Temperature
e IIRER—

€2




24

ayderd O0DOd jo AJAIsngyi [ewlIdyy, °*g aandig

X Y 34NLVY3I4WIL

00¢e2 00sl 00gI (olo]} 002 00¢
T T 00
_ | | |
— —120
T -
- —{vo
2 3
auvov n
opod 91 y
. JofAeg pue ng) QO S PON
2-V¢ @
wl.,‘.ﬂ O
a
SR | | l | _ |

80

2Wo * ALIAISNAIIO TVWY3HL

_09s




e
2]

in excellent agreement with the present results. The resistivity of Chu, Taylor and
Donaldson's sample was 1416 yQ cm at room temperature, which is slightly above that
of sample 3A-1 (Figure 5). Thus the diffusivity values should be slightly below (about
1%,) the present results and this is close to the observed results (Figure 8). The re-
sults of the AGARD participants lie below the present results, particularly at the lower
temperatures. The percent difference between the AGARD results and Sample 1 is
about 13%, independent of temperature. The electrical resistivity of the AGARD POCO
AX M 5Q material was probably considerably higher than that of the present samples.
One AGARD participant reported a room temperature resistivity value of 15792 cm
and this is considerably above the values for the present sample (Figure 5). Thus

the conductivity/diffusivity values for the AGARD samples should be significantly below
the present results.  Using the value for B (3.31 x 104 W uQ-! em~2K-!) obtained for
the present samples at 400K, and estimating the resistivity of the AGARD material to
be 13750 em at 400K, the AGARD material should have a conductivity at 400 K of
about 0.09 W em~! K-! less than that of Sample 1. This is 10% below the value for
Sample 1 at 400 K. Thus it appears that the difference between the AGARD results and
the present results can be accounted for by the difference in electrical resistivity.

On the other hand, Moore, Graves, and McElroy (13) determined the resistivity
and conductivity of a different piece of POCO AXM 5Q. Their results at 400K were
981U ¢, cm and 1.22 W ecm~! K-1 respectively. Using the value for B obtained from the
present work, the value of the thermal conductivity of their sample should be
0.13 W em™ K~! greater than that for Sample 1. This value is 1.10 W ecm™' K~! which
is 10% below their measured value. Thus the difference in resistivity only accounts
for about one-half of the difference between the present results and that of Moore, Graves,
and McElroy. The conductivity values of Moore, Graves, and McElroy are significantly
above those obtained by other researchers. Since the results of these researchers have
proven to be very reliable, the conclusion is that their POCO graphite sample was con-
siderably different from others. This is borne out by the density of their sample
(1.85 gm cm=3) which is significantly greater than the densities of the thermal con-
ductivity samples measured by other researchers.
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SUMMARY AND CONCLUSIONS

The thermal conductivity, specific heat, and electrical resistivity of two samples
of POCO AXM 5Q graphite obtained from NBS were measured. These results, com-
binced with previous results for thermal expansion and high temperature specific heat
were used to compute thermal diffusivity values from 400 to 2400 K. The computed

diffusivity values agreed well with measured values.

The electrical resistivity of the two samples differed significantly from each other
and also varied along the length of the rods. Differences in thermal conductivity values
Letween the two samples were directly related to difference in resistivity. In general
the results of other researchers could be brought into agreement with the present re-
sults, bascd on differences in resistivity (and density). Consequently it was possible
to generate curves of electrical resistivity, thermal conductivity, specific heat and
thermal diffusivity of POCO AXM 5Q graphite from 400 to 2400K. There is an elec-
tronic contribution to the thermal conductivity. This contributionis less than a few
percent at 400K but increases to at least 15% at 2400 K.
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